Visual strain or eye strain is common among employees with visually demanding jobs. Symptoms include headaches, sore eyes or eye fatigue, eye irritation, blurred vision, double vision and pain in the neck, shoulders or back 1) . These disorders result in an inability to focus comfortably at near-working distances for extended periods of time 2) . Many studies in the past have focused on workers engaging in visual display terminals (VDTs) [3] [4] [5] [6] [7] . In Thailand, electronic and jewelry products have recently become important exports, engaging a large number of workers into these kinds of visually demanding jobs. Yet there have been very few studies examining the visual problems associated with these jobs [8] [9] [10] . Visual demanding work associated with VDTs may be different from electronic and jewelry types of work. The former needs approximately 40-45 cm and >30 degrees on visual angle compared to 30-35 cm for visual distance and 10-15 degrees among the latter kind of work. Electronic and jewelry work also need very fine vision, often using 10-100 × microscopes and magnifying glasses for intricate tasks. In addition, most electronic and jewelry work are repetitive tasks in a continuous assembly line. The workers cannot move from their position until the break time. Thus, the effects on visual strain may be different from those generated by work involving VDTs.
The current research team was assigned by the Bureau of Occupational and Environmental Diseases to investigate visual strain problems in the electronic and jewelry industries. The aim of the project was to investigate the situation of visual disorders, visual strain symptoms of workers and illumination conditions of the work environment in the electronic and jewelry industries. An additional objective was to run and evaluate a visual surveillance program, which is provided by participation Occupational Health / Safety in the World of factory personnel, researchers and experts.
Materials and Methods

Study design
A participatory action research with an initial survey, program implementation and final evaluation was conducted.
Sampling technique
The names and address of electronic and jewelry factories with at least 200 workers were retrieved from the database at the Industry Office in Samutprakan Province where these two types of industries are common. Eighteen factories in Praphradang district in Samutprakan Province were identified. The managers of these listed factories were visited and the purpose of the study explained. Only seven managers agreed to participate. All eligible workers who worked with near visual distances (<35 cm) and or worked on intricate tasks were invited to join the study and their consent to participate was obtained.
Sample size
The sample size was calculated using a formula for prevalence in a finite population 11) . From a pilot study, the prevalence of visual strain in electronic factories was 7/58 (12.0%) and the finite population of the employees was 8,300. If the resulting estimate is to be within 4% from the true proportion and the level of confidence limit is 95%, 253 workers are required. Considering the possibility of refusals and potential losses, an additional 20% was added resulting in a final sample size of 317. Similarly in the jewelry industries, the prevalence from the pilot study was 5/31 (16.1%) and the finite population of the employees was 1,700. The sample size required for this industry was 133. However, in the real field work, there were 4 electronic factories with 319 workers sampled and 3 jewelry factories with 153 workers sampled.
After field preparation and training of research assistants, the research was divided into 3 phases as described below.
Phase 1: A survey of visual disorder and visual strain among workers
Four hundred and seventy-two workers were asked to complete a self-administered questionnaire which covered aspects of visual health, working conditions and environment. A checklist of visual symptoms was used to collect data from these participants using face-to-face interviews. The workers were finally assessed for their visual capability and their perception of lighting condition.
Vision tests using an Orthorater (Occupational model Titmus 2 a) were carried out 10-15 min before the workers began work to minimize fatigue. The study parameters included binocular vision, far and near visual acuity, stereo-depth perception and phoria. These parameters are interpreted according to job requirement classified to inspection work.
Visual strain was measured by a Digital Flicker value tester. The test was conducted 3 times: before work, after 1 h work and after 2 h work. The parameter was the Critical Fusion Frequency (CFF) value. A worker who had a reduction of CFF from baseline to 1 and 2 h of work of more one standard deviation (SD) of the initial CFF of all study workers was classified as having visual strain.
The illumination level at the work site of each worker was measured using a luxmeter (Model Testo 545). A level of 1,000 lux is the minimum Thai standard for delicate work.
Phase 2: Development and implementation of a model for visual surveillance
The results from the Phase 1 study were presented at a one-day workshop attended by the managers, safety officers, worker leaders, the research team, an ophthalmologist and industrial hygienists. After lectures by the experts in the morning, the first four groups of participants collaboratively worked and came up with a guideline for the implementation of the plan. The details are in Results and the Figure.
Phase 3: Monitoring and evaluation of the program
The following indicators were used for 6-monthly monitoring:
3.1 The proportion of workplaces with inadequate illumination.
3.2 The level of reduction of proportion of workers with vision problems.
After 6 months of the intervention program implementation, visual strain tests and illumination levels were re-measured by the same method as in Phase 1. The number of workers who remained in the study was 313 (66.4%). Drop-outs were mainly due to quitting and or rotation to other jobs.
Statistical Analysis
Frequency and percentage of categorical variables were computed. For a continuous variable, the CFF values before and after implementation at 1 h and 2 h work were compared and tested using the Mann-Whitney Ranks Sum Test.
Results
Results from the baseline survey (Phase1)
Demographic, working hour variables and parameters of visual strain symptoms of participants are summarized in Table 1 . Over 90% were female, with an average of 4 yr duration of employment. Although the average sleeping hours was nearly 7 h, this can be disturbed by overtime work in high season when orders for production substantially increased. Some workers had visual strain symptoms such as eye burning (26.6%), eye pain (14.0%) and eye irritation (11.2%), although three of the total (seven) study factories already had 10 min breaks in midmorning and mid-afternoon.
Over a half of the subjects showed inadequate visual performance. The percentage of inadequate visual performance among the electronic workers was higher than that among the jewelry workers. Common disorders were poor visual acuity which are correctable and lack of stereo-depth perception (see Table 2 ).
Comparison between before and after intervention was made on the level of change of CFF after 1 h work and after 2 h work from the pre-working status. A reduction of CFF changes before intervention and after intervention was observed with statistical significance in the electronic but not in the jewelry industry (see Table 3 ).
Of the 228 workers having inadequate illumination, with a complete follow up of 125 workers, 51 still worked under such a condition. For those 244 with proper illumination, with a complete follow up of 165 subjects, 20 turned out to be working under inadequate illumination. The prevalence of inadequate illumination level thus decreased from 228/472 or 48.3% in the preintervention period to (51+20)/(125+165)=24.5% after the intervention. The details are shown in Fig. 1 .
Resolution of visual strain and guideline for prevention and control from the workshop Immediate implementation
1. The working period to be shortened, with at least 10 min break for every 2 h work.
2. Lighting to be improved by cleaning and changing of old light bulbs, realignment of the lighting position and installation of new light sources if necessary.
3. Those with inadequate visual performance recommended to see an ophthalmologist or optometrist for glasses fitting.
Evaluation at month 6
Six months after intervention, all workers in 7 factories reported that they had received 10 min eye rest for every 2 h work as recommended. The prevalence of the inadequate illumination levels decreased from 48.3% in phase I to 24.5% in phase III. Among 151 workers who had inadequate visual performance, 31 (20.5%) had corrected their vision by wearing eye-glasses as a result of the intervention. The level of CFF among the subjects who could complete the follow up was improved as shown in Table 3 .
Surveillance and monitoring
Safety officers in the study factories were assigned the [12] [13] [14] [15] , 38-56% among factory workers. These prevalences are higher than the third national survey of blindness in Thailand in 1994 of 0.8% 16) and in Malaysia in 1996 of 2.4% 17) . The main reasons for the difference are the instruments used. A population survey is usually based on the Snellen chart, whereas visual performance in the factory also tested on binocular vision, near and far sightedness, stereo-depth perception and phoria. Thus, there was a higher probability of detecting abnormalities. Moreover, the Titmus 2 screening system used for the visual test in this study was evaluated by Horberry et al. 18) as having a sensitivity of 82.1%, and a specificity of 62.5%. So false positives may also be a problem.
For vision-intensive industries, assessment of visual performance with appropriate corrections should be done thoroughly and periodically starting from the preplacement phase to throughout the working period. Inadequate visual performance significantly increased visual fatigue in VDT workers 4) . Workers whose visual skills do not meet the job requirement will perform their job poorly. Moreover, among workers over the age of 40 who have uncorrected presbyopia, the level of strain of accommodation and convergence, followed by visual fatigue would be very high 19) . Among workers whose vision could be improved by expert care, only 20.5% could afford it. Thus, an extra effort should be made to further improve the situation.
Maneerat 6) in a study on visual fatigue in VDT operators, found that the illumination level correlated significantly with visual fatigue. Similar results were reported by Getuadisorn 4) , but Mocci et al. 20) found no significant association between lighting and visual health. Aaras et al. 21) demonstrated that increasing illumination levels for visual display unit (VDU) operators from about 300 lux to above 600 lux, and increasing the luminance of room surfaces from about 30 cd/m 2 to about 80 cd/m 2 can reduce visual discomfort. After our intervention, the prevalence of lighting problems was reduced from 48.3% to 24.5%, a reduction of 23.8%. However, there were also worsened lighting conditions in 20 of 290 worksites in the follow up. Two measurements of lighting condition might be subject to variation of distance from the light source, which changes over time. The coverage of improvement was far from perfect as it requires substantial financial investment and must take time. Taking a short break during work is an efficient and cost-effective way for employers to easily decrease sudden visual strain. Visual fatigue during work is associated with increased visual loading and it can be decreased significantly after adding rest 18) . Such a measure also leads to fewer industrial injuries 22) . The rest not only gives the eye time to recover but also allows body position to change from prolonged sitting to stretching and other movements such as a short time body exercises in the workplace. Yancey et al. 23) found that a single 10 min exercise break during work time caused participants health status rating and levels of break satisfaction to be better than controls.
With better illumination and short breaks introduced, a visual outcome improvement could be demonstrated in the workers in the electronic industry but not the jewelry industry. Changes of CFF at one and two hours of work in the electronic industry worker were reduced with high statistical significance. Although the level of the reduction was small, in a large population of workers this may be regarded as useful. Improvement was seen among workers in the electronic but not the jewelry industry, probably because of the difference in the nature of their work. In the former group, straining and continuing work on the assembly line is obligatory. The usefulness of a short break and light improvement would be more observable than the latter group whose work requires frequent walking to pass the jewel to the next table. During such walking time, vision can probably take a short rest and additional break times would be less crucial.
In conclusion, occupational visual health problems were common in the study population. The current intervention was shown to be partially successful in problem reduction. The remaining problems were inadequate visual performance and uncorrected vision problems. The situation can be further improved by encouraging workers with inadequate visual performance to correct their vision after the vision tests. Moreover, every working area with substandard illumination should be remedied. Had major causes of visual strain been improved completely, the vision problem could have been reduced expeditiously.
Finally, as a result of the collaboration between the research group and the factories, a model for screening and monitoring of visual problems was adopted. It is summarized in Fig. 2 .
